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Activation of pro-survival pathways and apoptotic cell death 
escape are considered hallmarks of oncogenic cell transformation. 
Tissue microenvironment strongly influences tumorigenesis, redi- 
recting some pathways versus a persisting pro-survival state. Here, 
we report evidence on the role of interleukin 6 (IL-6) in affecting 
pro-survival pathways in colon cancer progression modulating the 
expression and the molecular interactions among the pro-apoptotic 
factor Bax, the DNA repair proteins Ku70/86 and Clusterin 
isoforms. 

In human colorectal carcinomas (n = 50) at different stages of 
disease, we found an increased. IL-6 production, the loss of Ku86 
and Clusterin 50-55 kDa pro-apoptotic isoform. Conversely, we 
observed the overexpression of Bax and the 40 kDa prosurvival 
sClusterin (sCLU) isoform. Bax co-localized with Ku70 that was 
found atypically expressed in the cytoplasm of advanced stage colon 
cancers (Dukes'C-D; n = 22). 

IL-6 treatment of a colon cancer cell line, Caco-2, modulated 
the expression of genes involved in tumor invasion and apoptosis, 
as observed by microarrays. In particular, IL-6 downmodulated 
Bax expression at mRNA level. Concomitantly, IL-6 exposure 
influenced Bax also at protein level acting on the Bax-Ku70-sCLU 
physical interactions in the cytoplasm, by affecting the Ku70 acety- 
lation and phosphorylation state, thus leading to the inhibition of 
Bax pro-apoptotic activity In addition, we found that IL-6 treat- 
ment induced a significant downregulation of Ku86 and a strong 
increase of sCLU, confirming tumor biopsies data. In contrast 
Somatostatin treatment of Caco-2 cells was able to restore apop- 
tosis, demonstrating that Ku70-Bax-CLU interactions could be 
dynamically modulated. 

Hence, IL-6 could favor tumor expansion, promoting cell 
survival and apoptosis escape throughout the different stages of 
tumor evolution. Uncovering the molecular mechanisms of action 
of these factors may offer strategies for selectively manipulate the 
cancer cells sensitivity to therapy. 
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Introduction 

During tumorigenesis, tissue microenvironment allows hetero- 
typic interactions that may act co-operatively to promote tumor 
growths angiogenesis and cancer cell motility, through the elevation 
of secreted pleiotropic factors. Recent studies suggested a potential 
role of interleukin 6 (IL-6), a pro-inflammatory cytokine, and its 
soluble receptor (sIL-6R) in the pathogenesis of colon cancer. 1 " 3 
There is growing evidence that IL-6 may play a crucial role in the 
uncontrolled intestinal chronic inflammatory process, leading to 
colon cancer initiation. IL-6 regulates neoplastic cell growth in auto- 
crine and paracrine fashion, although data on the possible relationship 
between IL-6 production and tumor progression are conflicting. An 
increased formation of IL-6-sIL-6R complexes that interact with 
gp 130 on the cell membrane (trans-signaling) leads to the enhanced 
expression and nuclear translocation of STAT3, 4 ' 5 which can cause 
induction of anti-apoptotic genes, such as Bax antagonist, BcI-x L . 
In this view, IL-6 seems to contribute to a key mechanism of tumor 
development and progression through the inhibition of cell pathways 
leading to apoptosis. 1 

A prominent step in caspase-dependent apoptotic cell death is the 
activation of Bax. Bax is localized in a physiologically inactive form in 
the cytoplasm of normal undamaged cells, where it heterodimerizes 
with the C terminus of Ku70, 6 a protein that participates in the 
repair of DNA double strand breaks (DSBs), 7 > 8 caused by V(D)J 
recombination, 9 isotype switching, physiological oxidations, ionizing 
radiation and chemotherapeutic agents that target DNA. 

The ability of Ku70 to sequester Bax is a main determinant in 
preventing this pro-apoptotic protein from homodimerizing, thereby 
abrogating key apoptotic initiation events. In fact the overexpression 
of Ku70 in vitro blocks Bax-induced apoptosis under a variety of 
stimuli in epithelial cells. After exposure of cells to DNA damaging 
agents that stimulate DNA DSBs, for example ionizing radiation 
(IR), Ku70 separates from Bax through post-translational modifica- 
tion of Ku70. Free Bax, in turn, translocates to mitochondria where 
it homodimerizes and stimulates apoptotic responses. The regulation 
of the ability of Ku70 to sequester Bax in the cytoplasm seems to 
be regulated by the lysines acetylation state within its C terminus 
region of the protein. 6,10 Changes in subcellular localization of Ku 
can, apparently, be controlled by various external growth-regulating 
stimuli, 1 1-13 suggesting new biological functions for each component 
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of the nuclear Ku70/86 heterodimer, possibly driven 
by microenvironment-soluble mediators. Thus, 
changes in the microenvironment play a central role 
in redirecting pathways involved in DNA repair 
and cell death, affecting tumorigenesis. In fact, 
in response to growth factors, also Ku86 translocate 
from the nucleus to the cell membrane, where it 
has been reported to behave as a natural receptor of 
Somatostatin (SST). 15>16 Moreover, Ku86 activa- 
tion and translocation into the nucleus could be 
regulated or stimulated by the induction of nuclear 
Clusterin (nCLU)-Ku70 interactions. 17 * 18 nCLU is 
a byproduct of alternative splicing 18 and stimulates 
cell death, 19 whereas the secretory form of CLU 
(sCLU) is a pro-survival protein. 20 " 23 nCLU binds 
the Ku70 subunit after sub-lethal damage induc- 
tion allowing Bax to homodimerize. 18 On the 
other hand sCLU seems to play an important role 
in cell survival pathways stabilizing the Ku70-Bax 
interaction. 

In this scenario our purpose was to inves- 
tigate whether soluble mediators, in particular 
IL-6, released by the tumor and tumor-associated 
macrophages (TAMs), could actively affect colon 
cancer progression targeting the pro-survival path- 
ways of neoplastic cell 

In human colon cancer progression we found 
an increasing level of IL-6 correlated to a tumor 
specific modulation of Bax, Ku and CLU expression 
and sub cellular localization. 

Further we provide evidence that the exposure to 
IL-6, in vitro, interferes with Bax-Ku-CLU physical 
interactions, affecting their production, acetyla- 
tion and intracellular distribution. In addition, we 
demonstrate that it is possible to re-modulate these 
interactions by the use of the growth regulatory 
hormone, Somatostatin, inducing Bax-dependent 
apoptosis. 

Results 



Clusterin 
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Figure 1 . (A) Immunohisfochemical analysis of Ku70, Ku86, Clusterin, Bax and IL-6 expression 
in normal colonic mucosa (H), node negative (NO) and node positive (Nl) colon carcinomas. 
In normal mucosa, Ku70, Ku86 are exclusively detected in the nuclei, whereas Bax protein is 
weakly expressed in the cytoplasm. Clusterin is mostly localized in the nucleus. In node negative 
carcinomas, (NO) Ku70 localized almost exclusively in the nuclei and a weak cytoplasm stain- 
ing was also observed. Ku86 is lightly decreased in the nuclei, whereas Bax increases in the 
cytoplasm, as compared with normal mucosa. Clusterin is strongly increased in the cytoplasm. 
In node positive colorectal carcinomas Ku70 is detected in the nucleus and in the cytoplasm, 
whereas Ku 86 is not detectable. Bax and Clusterin are strongly upregulated in the cytoplasm 
and the nuclear staining for Clusterin is lost. IL-6 expression is weakly detectable in normal 
mucosa. Conversely, IL-6 staining increases in tumors (NO, Nl) respect to the corresponding 
norma! mucosae. The IL-6 increase is higher in the node positive carcinomas (Nl). (B) (right) 
IL-6 expression detected in tumor associated macrophages (TAM) (IL-6), identified by CD68 
immunostaining (CD68). (B) (left) Bax and Ku70 co-localization in colon carcinomas. Confocal 
microscopy analysis of Ku70 and Bax double staining in normal colon mucosa (H) and in node 
positive colon carcinomas (Nl). Double fluorescence with anti-Ku70 (FITC-conjugated, green) 
and anti-Bax (Texas red-conjugate, red) antibodies was performed as described in Methods sec- 
tion. Yellow and/or light red staining were due to multiple positivity. Ku70 staining is detected 
in the nucleus of normal mucosa, whereas Bax faint staining is present in the cytoplasm, In the 
pT3Nl adenocarcinoma Ku70 co-localizes with Bax. Scale bar represents 100 \im. 



IL-6 increases in colon cancer progression. IL-6 
expression was observed in 50 human colon cancer 
tissues and in the normal mucosa (n = 50) of the same patients by 
immunohistochemistry (IHC). Colon carcinomas were characterized 
by grade and stage according to the Dukes 5 classification. 

In normal mucosa IL-6 expression was barely detectable only 
in the apical part of the criptas (Fig. 1A). Conversely, IL-6 was 
strongly expressed in tumors (90% of cases)) and well correlated with 
their aggressiveness (Fig. 1A). In fact, in node positive carcinomas 
(C-D Duke's stage) IL-6 was strongly increased compared to node 
negative tumors (A-B Dukes stage) (Fig. 1A). In addition, a strong 
positive IL-6 immunostaining was detected in CD68 positive tumor- 
associated macrophages (TAMs), indicating a possible cross-talk 
between tumor and stromal cells, mediated by IL-6 in autocrine as 
well as paracrine fashion (Fig. IB). 

Tumor specific modulation of Bax, Ku70, Ku86 and CLU 
expression in human colon cancer. Bax and Ku 70 co-localization. 



The expression of Bax, Ku70, Ku86 and CLU was analyzed by 
immunohistochemistry performed on the same samples. Bax showed 
only faint cytoplasmic staining in normal colonic mucosa (70% of 
controls, Table 1, Fig. 1A). Conversely, it was overexpressed in the 
cytoplasm of >70% of carcinomas (normal mucosae versus colon 
carcinomas: p = 0.04) (Fig. 1A and Table 1). 

Ku70 staining was strongly positive in the nuclei of normal 
mucosa aside the neoplasia (Fig. 1A). In node negative carcinomas 
Ku70 expression slightly decreased and it localized in the nucleus, 
while 1 1 out 28 cases displayed also a cytoplasmic staining (Table 1, 
Fig. 1A). In node positive carcinomas Ku70 staining was not altered 
in total amount as compared to node negative tumors, but it was 
distributed between nucleus and cytoplasm (Fig. 1A and Table 1). 
In all cases Ku70 was positive in the cytoplasmic compartment. The 
expression of Ku86 was positive in the nuclei of normal mucosa 
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Table 1 Ku70, Ku86, clusterin and Bax protein expres- 
sion detected by immunohistochemistry, 
in human pathological and matched normal 
tissues 0 



Protein 


NM 


CRC 


A-B 


CRC C-D 


T-tesr§ 




(n = 50) 


(n = 


28) 


(n = 22) 




Ku86* 












Pos cyt 


0 % (0) 


0% (0) 


0% (0) 


NM vs. CRC: p <; 0.05 


Pos nucleus 


100% [++] 


70 % 


(+/-] 


0% (0) 


NM vs. CRC: p <; 0.03 


Ku70* 












Pos cyt 


0% (0) 


40% 


M 


100% (++) 


NM vs. CRC: p <. 0.02 

CRGAB vs. CRC-CD: 
p - 0.04 


Pos nucleus 100% (+++) 


70% 


(++) 


30% (++) 


NM vs. CRC: p = 0.02 


Clu* 












Pos cyt 


1 0% (+) 


82% 


(++) 


100% (+++) 


NM vs. CRC: p = 0,02 

CRGAB vs. CRC-CD: 
p = 0.04 


Pos nucleus 


8% (++) 


0% 


(0) 


0% (0) 


NM vs. CRC: p * 0.02 


Bax* 












Pos cyt 


70% [+/-) 


75% 


(++) 


80% (+++) 


NM vs. CRC: p = 0.04 



°Number of cases deemed positive was shown as a percentage. In parentheses staining intensiy mean 
values were reported. *Cases were deemed positive when weak (+/-)~to-strong ( + + + ) staining was 
present. § Mean values were compared using the two-taiied Student t-rest, for independent samples (see 
Materials and Methods). NM: Distant normal mucosa was tested for the colon samples. CRC A-B and CRC 
C-D: colorectal adenocarcinomas stages A or B (any T NO), and C or D (any T Nl and/or Ml ), according to 
the Dukes' classification. 25 

(Fig. 1A). Nuclear Ku86 expression was strongly decreased in A-B 
stage tumors (Table 1, Fig. 1A). Importantly, no Ku86 staining 
was observed as in the nucleus as in the cytoplasm of node posi- 
tive carcinomas (C-D stages, Fig. 1A, Table 1). Interestingly, Ku86 
expression was lost also in metastatic lymphonodes (not shown). 
CLU was expressed quite exclusively in the nuclei of normal mucosa 
(Table 1, Fig. 1A). Nuclear CLU staining was not detected in node 
positive carcinomas (stage C-D, Table 1, Fig. 1A). Conversely, cyto- 
plasmic CLU expression was strongly upregulated in tumors (normal 
mucosae versus carcinomas: p = 0.02), correlating with tumor aggres- 
siveness (A-B stages versus C-D stages, p = 0.04, Table 1). 

Double immunofluorescence was performed to investigate 
whether the presence of Ku70 in the cytoplasm of aggressive tumors 
correlated to Ku70-Bax co-localization in this cell compartment. 
Normal colonic mucosa showed a strong nuclear Ku70 staining. 
Moreover, a very faint Bax immunofluorescence was detected in the 
cytoplasm (Fig. IB). The observation on scarcely differentiated and 
node positive carcinomas (C-D stage) indicated increased levels of 
co-localized Ku70 and Bax in the cytoplasm (Fig. IB). 

IL-6 influences tumor invasion and proapoptotic gene expres- 
sion. To define if the increased IL-6 level found in colon cancer could 
influence or promote colon cancer progression we investigated, in 
vitro, the effect of IL-6 on Caco-2 cells, a p53-defective moderately 
differentiated human colon carcinoma cell line. Cells were treated 
with IL-6 for 24 h. No increase in cell death or cytotoxicity was 
observed. After 24 h of IL-6 treatment RNA was analyzed by oligo 
gene array human cancer pathway finder microarray (EHS033, 



Superarray BioScience), able to detect the expression of 113 genes 
representative of six biological pathways involved in cell cycle 
control, apoptosis, tumor invasion and metastases. Results were 
obtained comparing the mRNA levels of 24 hrs IL-6- treated samples 
respect to mRNA levels of untreated cells. Only gene upregulation 
or downregulation by 1.5 fold or more was considered statistically 
significant. The analysis displayed that genes related to survival and 
tumor invasion were significantly upregulated (Table 2). Among 
these, cyclin-dependent kinase 2, Ras p21 protein activator (GTPase 
activating protein), c-myc and Fos were strongly increased by IL-6 
treatment (Table 2). Conversely, genes involved in the suppression 
of metastases such as TIMP1 and KISS-1 metastasis suppressor were 
strongly inhibited (Table 2). Interestingly Bax was decreased of 2.2 
fold (IL-6/Untreated = 0.44) indicating that IL-6 strongly influenced 
the ap op to tic pathway at mRNA level. 

IL-6 increases Bax-Ku70 interaction affecting Ku70 acetyl a- 
tion and phosphorylation state. IL-6 treatment did not induce any 
significant change in Bax expression up to 24 hours. In addition, the 
Bax partner, Ku70 was not influenced by IL-6 treatment at protein 
level (Fig. 2A and B). To define if IL-6 could affect Ku70-Bax 
interaction by influencing Ku70 lysine acetylation pattern, nuclear 
and cytoplasmic acid extracts were prepared from IL-6 treated and 
untreated cells. Western blot analysis of cytoplasmic acid extracts, 
demonstrated a 1.8-1.5 fold increase of Ku70 acetylation pattern 
after 4 h and 24 h of IL-6 treatment, as compared to untreated cells 
(Fig. 2A). The IL-6-induced modulation of Ku70 acetylation pattern 
was confirmed by pan-acetyl lysine immunoblotting in co-immuno- 
precipitated proteins with anti-Ku70 antibody (Fig. 2A). Moreover, 
also Ku70 serin phosphorylation pattern was affected by IL-6 treat- 
ment, as shown by western blot analysis of cytoplasmic extracts 
co-immunoprecipitated with anti-Ku70 antibody and probed with 
anti-phosphoserin antibody (Fig, 2A). 

In order to define if the Bax-Ku70 interaction was affected by 
IL-6 treatment, cytoplasmic proteins were co-immunoprecipitated 
with Bax monoclonal antibody 4 h and 24 h after IL-6 exposure 
(Fig. 2B). In control cells, Ku70 co-immunoprecipitated with Bax. 
Interestingly, Ku70-Bax complexes increased up to five-fold after 
24 h of IL-6 treatment. The increased Ku70 fraction bound to Bax 
correlated to the Ku70 serin phosphoryiated pattern raise (Fig. 2B). 
In addition an increase in the acetyl-lysine pattern was observed after 
4 h-24 h of treatment. (2-1.8 times respectively) (Fig. 2B). The 
presence of Ku86 was also detected in Bax co-immunoprecipitated 
proteins after 24 h of IL-6 treatment (Fig. 2C). Moreover a specific 
and unexpected band at 96 kDa was detected. This band was specifi- 
cally recognized by the anti-Ku86 mAb raised against an epitope 
mapping at 433-732 amino acids of Ku86 protein, region that 
comprises KARP-1 (Fig. 2C). KARP-1 was firstly characterizated by 
Myung et al. as a second gene expressed from the Ku86 locus. 24 It is 
not constitutively produced but it was demonstrated to be induced 
by oxidative stress and to be involved in survival and longevity in 
mammalians. In conclusion, the presence of Ku70 and Ku86 in Bax 
co-immunoprecipitates in response to IL-6 treatment, suggests the 
formation of a multimeric complex. 

IL-6 modulates Ku86 and clusterin isoform expression. IL-6 
treatment induced a significant decrease in Ku86 expression at both 
mRNA and protein level after 24 h of treatment (Fig. 3A). In partic- 
ular, Ku86 mRNA level was 4 times lower, as compared to untreated 
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cells (Fig. 3B). This inhibition was also confirmed at protein level by 
immunocytochemistry and Western blot analysis (Fig. 3A). These data 
are consistent with the inverse correlation between Ku86 levels and IL-6 
expression observed in node positive tumor samples (Fig. 1A). IL-6 
exposure also affected Clusterin level (Fig. 3C and D). CLU mRNA 
was increased from 3-to-4-fold respect to untreated Caco-2 cells, 
24 h after IL-6 treatment (Fig. 3C). Western blot analysis confirmed 
that the 40 kDa isoform of clusterin sCLU, was preferentially induced 
by IL-6 treatment (Fig. 3D). A similar increase in CLU expression was 
observed in human colon cancer progression (Fig. 1A). 

IL-6 increases the stability of the Bax-Ku70 interaction: sCLu in 
the Bax-Ku70 complex. In order to evaluate the role of the 40 kDa 
isoform of Clusterin, sCLU, in the stabilization of the Ku70-Bax 
complex, cytoplasmic extracts were co-immunoprecipitated with an 
anti-Clusterin antibody raised against the processed (3-chain, specific 
for the secretory form of CLU. In untreated cells, we found Bax in 
the CLU co-immunoprecipitated fraction (Fig. 2D). After 4 h and 
24 h of IL-6 treatment, the binding between Bax and sCLU was 
strongly increased (2.5 times, as compared to untreated ceils). As 
previously published in other normal cell systems, 25 sCLU seems 
to prevent apoptosis by binding Bax and stabilizing the Ku70-Bax 
complex in the cytoplasm. Also Ku70 was found in CLU co-immu- 
noprecipitated proteins (data not shown). 

In order to evaluate if these interactions are irreversible or if they 
could be modulated by a physiological regulator of cell growth, we 
treated Caco-2 cells with Somatostatin. 

Somatostatin (SST) induces the release of Bax from the 
Ku70-nClu complex. Somatostatin (SST) is a natural ligand of 
Ku86, 15 and it is a physiological anti-proliferative growth regulatory 
hormone. Caco-2 cells were treated with SST for 1, 4 and 24 h. 
A strong proliferative arrest was observed after 24 h, as we had previ- 
ously reported. 16 

The levels of Ku70, Ku86 and CLU proteins were then examined 
in whole cell lysates by Western blot. Ku70 level was not affected by 
SST treatment (Fig. 4A). Conversely, Western blot analysis showed 
an approximate two-fold increase in Ku86 level, 4 h after treatment. 
At 24 h, the expression of Ku86 was similar to that observed in 
untreated cells (Fig. 4A). 

The expression of Clusterin isoforms was modulated in response 
to SST treatment. Increased levels of 55 kDa nCLU were observed 
after SST treatment. Moreover, a significant induction (2-to-5-fold) 
of Bax was detected after 1 h and 4 h of SST treatment (Fig. 4A). 
However, at later times (>4 h after treatment) Bax levels were compa- 
rable to those detected in untreated Caco2 cells. 

In order to examine the dynamic interaction among Bax, Ku70 
and nCLU in the cytoplasm, Ku70 co~immunoprecipi ration was 
performed on cytoplasmic proteins extracted from SST-treated cells. 
In untreated cells, Ku70 was bound to Bax as previously observed. 
However, no interaction with Ku86 was found. After 4 h of pro- 
apoptotic SST treatment, Bax was partially released from Ku70; in 
particular, a two-fold decrease was observed, as compared to untreated 
cells. Conversely, Ku70 interacted with Ku86, this binding being 
induced by SST treatment (Fig. 4B). Concomitantly, a significant 
increase in nCLU-Ku70 complex formation was evident 4 h after 
treatment. Cytoplasmic proteins were also co-immunoprecipitated 
with an anti-Clusterin oligoclonal antibody we have produced as 
previously described, directed against the aP-unprocessed precursor 



Table 2 Genes overexpressed and under-expressed in 
IL-6-treated Caco-2 cells 



Symbol 


IL6/Un 


CDK2 


1.65 


CDKNIB 


3.18 


FOS 


4.69 


ITGB1 


2.02 


MAP2K 1 


3.62 


MYC 


3.63 


NFKB1 


1.78 


NFKBIA 


2.05 


PLAU 


1.95 


RASA 1 


9,12 


TNFRSF 1 OB 


1.68 


BAI1 


0.64 


BAX 


0.44 


E2F1 


0.64 


ETS2 


0.50 


ITCB5 


0.54 


CD82 


0.31 


KISS1 


0,43 


MMP2 


0.31 


PDGFA 


0.35 


PDGFB 


0.30 


SRC 


0.40 


TIMP1 


0.50 


TNFRSF25 


0,45 



Cyclin-dependent kinase 2 ; Cyclin-dependent kinase inhibitor IB (p27, Kipl); V-fos FBJ murine osteosar- 
coma viral oncogene homolog; Integrin, beta 1 ; Mitogen -activated protein kinase kinase 1; V-myc myeio- 
cytomatosis viral oncogene homolog (avian); Nuclear factor of kappa light polypeptide gene enhancer 
in B-cells 1 (p!05); Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha; 
Plasminogen activator, urokinase; RAS p21 protein activator 1; Tumor necrosis factor receptor superfamiiy, 
member 10b; Bra in -specific angiogenesis inhibitor 1; BCL2-associated X protein; E2F transcription factor } ■ 
V-Ets erythroblastosis virus E26 oncogene homolog 2; Integrin, beta 5; CD82 molecule; KiSS-1 metastasis- 
suppressor; Matrix metailopeptidase 2 (gelatinase A, 72 kDa gelatinase, 72 kDa type iV collagenase); 
Platelet-derived growth factor alpha polypeptide; V-src sarcoma (Schmidt-Ruppin A-2) viral oncogene 
homolog (avian); TIMP metailopeptidase inhibitor 1; Tumor necrosis factor receptor superfamily, member 
25. We compared normalized levels of IL-6-treated samples (IL6) with controls (Un). Only the genes that 
showed upregulation or downregulation (italics) by 1.5 fold or more were reported. 

and the nuclear form of the protein (Fig. 4C). After 4 h of SST 
treatment, the Ku70 interaction with nCLU was ten-fold increased, 
compared to untreated cells. nCLU and Ku70 interaction was still 
apparent in CLU co-immunoprecipitated proteins after 24 h of treat- 
ment (Fig. 4C). 

Con focal analysis of Ku70, Bax and nCLU triple staining, 
performed on untreated (control) and SST-treated Caco-2 cells 
demonstrated the co-immunolocalization of these proteins in control 
cells. Conversely, after 24 h of SST treatment, Bax was released and 
nCLU and Ku70 co-localized in the cellular membrane and in the 
nucleus (Fig. 4D). 

Discussion 

The data reported in this study provide a novel link among 
tissue microenvironment and molecules involved in apoptosis 
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4h 



24h 



i v- 
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4h 24h 
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Bax 
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D 



Clu IP 



Un 
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^*^. _ 



Bax 



Un 



4h 



24h 



Figure 2. IL-6 influences Bax-Ku70 interaction. Ku70 and Bax protein levels in the cytoplasmic fraction of untreated (Un) and IL-6 treated Caco2 cells (A and B). 
(A) Ku70 ievel after 4 and 24 h of IL-6 treatment. The cytokine does not affect Ku70 cytoplasmic level. However, the acid extract): Ku70u70 acid ext.) shows 
an increase of Ku70 presence in the cytoplasm of treated cells. In the lower gel, the cytoplasmic extracts immunoprecipitated with anti-Ku70 antibody (Ku70 
IP) probed with anti-acelyl-iysine antibody to evidence the increase of the Ku70 acetylated fraction, following IL-6 treatment. (B) Bax level in untreated Caco-2 
cells (Un) and after 4 h and 24 h of treatment with IL-6. The cytokine does not affect Bax cytoplasmic levels. [3-actin levels were detected on the same filter 
to normalize the protein extracts. (C) Western biot analysis of Bax- and Ku70-immunoprecipitated cytoplasmic extracts from untreated (Un) and IL-6 treated 
Caco-2 celis. Bax co-immunoprecipitated fraction were probed with Ku70, acetyl-lysine and phosphoserine antibodies. IL-6 induces a significant increase 
of Ku70 fraction bound to Bax in the cytoplasm. This fraction is lysine-acetylated and serine-phosphorylated, as shown by the signal detected at 70 kDa 
molecular weight, in the corresponding lower filters. The lower panel shows the same extracts immunoprecipitated with anti-Ku70 antibody (Ku70 IP) and 
detected with anfi-phosphoserine. IL-6 increases the Ku70 serine-phosphorylation at 24 hr (1 .8 times) correlated to Ku70 phosphorylated fraction bound to 
Bax (BaxlP). (D) shows the same extracts from untreated (Un) or 4 h and 24 h IL-6 treated cells immunoprecipitated with Bax antibody (Bax IP) and probed 
with anti-Ku86 and Bax antibodies. Immunoblotting with anti-Ku86 MoAb shows a significant increase of Ku86 fraction bound to Bax after 24 h of IL-6 
treatment. An additional and specific band of 96 kDa is evident in the gel. The Bax immunoblotting on the same IP filter is shown as loading control. The 
lower panel shows the cytoplasmic extracts from untreated (Un) or 4 h and 24 h treated ceils immunoprecipitated with anti-Clusterin antibody (Clu IP) and 
probed with anti-Bax antibody. IL-6 treatment increases the sClu binding to Bax. 



induction, DNA repair and cell cycle control in neoplastic cells, 
highlighting the importance of their cooperative interaction in 
tumor progression. We found that the acquisition of an aggressive 
phenotype in colon carcinoma correlated with the over-production 
of IL-6, released by the tumor itself and by infiltrating tumor- 
associated macrophages (TAM). Concomitantly we observed a 
tumor specific modulation of Bax, Ku86 and CLU localization 
and expression. 

The presence of IL-6 could influence cell proliferation, by activa- 
tion of STAT3 the AP-1 as previously demonstrated, 28 Accordingly, 
our in vitro data demonstrated that IL-6 could influence tumor cell 
proliferation in a moderately differentiated colon carcinoma cell line 
and favour apoptosis escape. Microarray analysis showed that IL-6 
could influence the proliferation not only by inducing API formation, 
but also inducing an up regulation of RASp21 protein activator 1, 



myc and NFkB. Conversely, IL-6 downmodulates the expression of 
genes that inhibit metastasis formation such asTIMPl metallopepti- 
dase inhibitor 1 and KISSl. 2930 Moreover IL-6 downmodulates Bax 
expression at mRNA level. Concomitantly, IL-6 exposure influences 
Bax activity at protein level acting on the Bax-Ku70-sCLU physical 
interactions in the cytoplasm, affecting their intracellular distri- 
bution, production, phosphorylation and acetylation state. Data 
previously published demonstrated that the Bax release from Ku70 
is regulated by the acetylation of K539 or K542, two of the seven 
putative KU70 acetylation sites. 6 Our data show that Bax-Ku70 
binding is significantly increased by IL-6 treatment and correlated to 
Ku70 lysine acetylation increase, suggesting a possible implication of 
other acetylation sites than K539 or K542 in the regulation of this 
interaction. The increased Bax expression found in tumor tissues 
could be strongly correlated to the Ku70 shifting to the cytoplasm. 
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Figure 3. Effect of IL-6 treatment on Ku86 and Clusterin expression. (A) Immunocytochemistry of Ku86 expression in untreated (Un) and 24 h IL-6 treated 
Caco2 cells. IL-6 induces a strong inhibition of Ku86 protein expression at 24 h (upper). Western blot analysis with anti-Ku86 antibody on protein extracts 
from untreated (Un) and Caco2 cells treated with IL-6 for) and 24 h. The filter was reprobed with antif-actin to normalize the protein levels (lower), (B) Ku86 
mRNA level after IL-6 treatment was determined by RT-PCR as described in the Methods section. M, molecular size marker; lane 1, untreated cells; lane 2, 
24 h IL-6 treated Caco-2 cells, The optical densities (O.D.j obtained by scanning densitometry analysis of RT-PCR bands are reported by histograms. The 
values were normalized for 0-2 microglobulin transcripts levels and are means (+/-SDJ of three independent experiments. (C) Clusterin mRNA level after 
IL-6 treatment determined by RT-PCR as described in the Methods section. M, molecular size marker; lane }, untreated cells; lanes 2 and 3, Caco2 cells 
treated with IL-6 for 4 h and 24 h. In the lower panel, the corresponding p-2 microglobulin transcript leveis are shown. The optical densities (O.D.j obtained 
by scanning densitometry analysis of bands, normalized for ^-microglobulin levels, are reported by histograms. The values are means (+/-SD) of three 
independent experiments. (D) Western blot analysis with anti-Clusterin antibody on protein extracts from untreated (Un) and 24 h IL-6 treated Caco2 cells. 
The optical densities (O.D.) obtained by scanning densitometry analysis and normalized for p-actin protein levels, are reported by histograms. Values are 
means (+/-SD) of three independent experiments. 



In fact, as previously published by Amsel et al. 27 Bax ubiquitylation 
rate is finely regulated and correlates to Ku70 presence in the cyto- 
plasm, which prevents Bax ubiquitylation and thus its degradation. 
Therefore, the increased presence of Bax in tumors could be due, 
at least in part, to its improved de-ubiquitylated status induced by 
the abnormal high level of Ku70 in the cytoplasm, more than to an 
increased transcription. Furthermore, the co-localization of Bax and 
Ku70 in the cytoplasm demonstrated by confocal microscopy could 
indicate an anti-apoptotic condition, due to the Ku70-Bax physical 
interaction. 

The decreased expression of Ku86 and increased expression of 
sCLU observed in colon carcinoma appeared to be a result of IL-6 
exposure, as demonstrated by in vitro experiments. In fact, RT-PCR 
and immunocytochemistry performed on Caco-2 cells showed that 
Ku86 is downmodulated by IL-6 treatment. Ku86 is the limiting 
factor for non-homologous end-joining of DNA DSBs repair 7,8 
and its disappearance from the nucleus may suggest a decrease in 
the ability of cells to accurately repair DSBs in tumor progression, 
resulting in an increased mutational rate. These results could explain, 
almost in part, the incoming resistance to anti-neoplastic therapy, 
driven by the pharmacotherapy-selected clones that possess muta- 
tions, guaranteeing cell survival. 



The overexpression of the secreted form of clusterin (sCLU), 
and the concomitant disappearance of the pro-apoptotic 55 kDa 
isoform (nCLU) in tumor cells, strongly associated to the inhi- 
bition of apoptosis and the loss of DNA repair activity of the 
Ku70/86 complex. Indeed, IL-6 influence may further explain 
Clusterin altered expression found in tumor biopsies. In fact we 
found that IL-6 induced predominantly the secreted pro-survival 
CLU form in vitro. We also demonstrated, that sCLU isoform is 
bound to Bax in colon cancer cells and this binding is increased 
by IL-6. Hence, IL-6 confers apoptosis resistance by inducing the 
overexpression of sCLU and an increase of the Bax-Ku interaction. 
Our data suggest that the ambiguous role of the different isoforms 
of Clusterin could be defined by their partners and by the cell 
state. In fact the 55 kDa isoform that seems to be predominantly 
expressed in pro-cell death processes, was induced by SST treat- 
ment and it functions as a chaperon in DNA repair, binding Ku70. 
In contrast in pro-survival states the 40 kDa antagonistic isoform of 
Clusterin leads to apoptosis escape, stabilizing the Ku70-Bax bond. 
Our experimental data point out that these tumor-specific interac- 
tions are not caused by genetic changes within tumor cells, but they 
arise from altered localization and function of proteins, shifted by 
microenvironmental soluble factors in a reversible way. In fact, as 
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Figure 4. (A) Western blot analysis on protein extracts from Caco-2 untreated (Un)or 1 , 4 and 24 h somatostatin (SST) treated cells. The filters were probed 
with Ku86, KuZO, Clu and Bax antibodies. [3-actin protein levels were detected as loading control. Ku86 protein is induced after 4 h of IL6 treatment, whereas 
Ku70 levels is not affected. Increased levels of nClu (50-55 kDa) and Bax are evident after 1 h, and 4 h of SST treatment. Bax decreases to the basal levels 
after 4 h of treatment. Cytoplasmic proteins were extracted from Caco-2 untreated or treated with SST for 4 h and 24 h and immunoprecipitated with anti- 
Ku70 {Ku70 IP) (B) and anti-Ciu Abs (Clu IP) (Cj. In (B), no interaction with Ku86 is found in untreated cells, whereas a strong binding with Bax are detected 
in Ku70 co-immunoprecipitated proteins from untreated (Un) cells. Moreover an interaction with nCLU was also evident. After 4 h of SST treatment, Bax is 
partially released (6 folds of reduction) from Ku70. Conversely, Ku70 interacts with Ku86 and a significant increase in nCLU-Ku70 binding is evident. After 
24 h, Ku70-Ku86 complex decreases. In (Cj the cytoplasmic extracts were co-immunoprecipitated with anti-Ciusterin antibody directed (Clu IP). A significant 
increase of Ku70 protein is evident after 4 h of SST treatment. nCLU and Ku70 interaction is still evident 24 h after treatment. The non-immunoprecipitated 
levels of Ku70 corresponding cytoplasmic extracts are shown as input. (3-actin was detected on the Input filter, as loading control. (D) Confocal micros- 
copy analysis of Ku70, Clusterin and Bax staining in Caco-2 ceils treated with somatostatin for 24 h. Panels show a 2D reconstruction triple stain for Bax 
(blue), Ku70 (red) and Clu (green) (2000x magn.), detected as described in Materials and Methods, in Caco-2 ceils. Merging of triple stain in untreated 
Caco-2 ceil (UnMerge) and after 24 h of SST treatment (SST Merge) is shown. Yellow, light blue and white areas are due to multiple positivity. The blue 
areas demonstrate the Bax release from Ku70 and CLU after SST treatment (arrow). 



we demonstrated with SST treatment, they could be redirected by 
an antagonistic stimulus, acting on the same pathways stimulating 
cell death processes. 

Overall, our findings suggest that Ku70-Bax-CLU interactions 
in human colon cancer are modulated by IL-6 that influences 
Bax-dependent cell death increasing Ku70 binding to Bax and 
influencing sCLU production that promotes tumor cell survival. 
Therefore, data suggest a significant role of the microenviron- 
ment and tumor-specific IL-6 expression in colon carcinogenesis. 
These molecular interactions underline the relevant role of IL-6 
and other micro-environmental factors in the complicated cross 
talk among molecules that could effectively change the cell 
fate. Understanding the mechanisms that modulate the IL-6- 
dependent anti-apoptotic cascade, may lead to development of 
novel therapeutic strategies to selectively affect cell resistance to 
anti-neoplastic therapies. 



Materials and Methods 

Patients. Fifty colorectal cancer patients undergone surgery at 
the "Tor Vergata" Hospital of Rome were enrolled in the study. 
Colon carcinomas were characterized by grade and stage according 
to the Dukes' classifications. 25 The corresponding normal mucosae 
adjacent to neoplasia of the colorectal cancer patients (n = 50) and 
five colorectal mucosae of human subjects without cancer or inflam- 
matory bowel disease were used as controls. Oral informed consent 
was obtained from all participating human subjects. This study was 
approved by the local Ethics Committee. 

Immunohistochemical staining. Serial 5 [Am thick sections 
from formalin-fixed and paraffin-embedded specimens were immu- 
nostained for Clusterin, Ku70, Ku86, Bax and IL-6 following 
the streptoavidin-biotin method, as previously described. 31 Serial 
sections from colorectal cancer tissues were immunostained also 
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with anti-CD68 antibody (Dako Denmark A/S, clone KP-1) to 
characterize the inflammatory infiltrate in the tumoral tissue. The 
primary antibodies used were: anti-Ku70 > anti-Ku86 and anti- 
Clusterin-p (Santa Cruz Biotechnology, Inc., ImmunoCruz staining 
system Ml 9, M20 and Ml 8 respectively); anti-Clusterin-a (Upstate, 
clone 4 ID), anti-Bax (NeoMarker, clone 2D2) and anti-IL-6 (RD 
systems) antibodies. Negative controls were obtained incubating 
the sections without primary antibodies. Slides were examined by 
two pathologists, unaware of the clinical data and molecular results. 
Tissue staining was semi-quantitatively graded for intensity from 
negative (0) to strong (+++)■ Bax, Ku70, Ku86 and Clusterin protein 
expression was deemed positive when weak (+/-) to-strong (+++) 
cytoplasmic or nuclear staining was present. 34 

Immunofluorescence and confocal microscopy. A double immu- 
nostaining was performed on formalin-fixed and. paraffin embedded 
specimens to study the co-localization of Ku70 and Bax proteins 
by immunofluorescence microscopy. The primary antibodies used 
were anti-Ku70 (Santa Cruz Biotechnology, Inc.,) and anti-Bax 
(NeoMarker, clone 2D2). Control sections were incubated with a 
mixture of isotype matched non-immune IgG. Biotinylated anti- 
goat and anti-mouse rabbit IgG (Dako A/S, Denmark) were used as 
secondary antibodies. Fluorescence was obtained with streptoavidin- 
FITC (for Ku70 detection) and strep toavidin-Texas Red (for Bax 
detection) conjugates (Ylem). 

Triple staining was performed on Caco-2 cells treated or not 
with Somatostatin for 24 h with the same anti-Ku70 and anti-Bax 
antibodies and anti-Clusterin-cx (Upstate, clone 4 ID) antibody. 
Fluorescence was obtained, with streptoavidin-FITC (for Clusterin 
detection), strep toavidin-Texas Red (for Ku70 detection) and strep- 
toavidin-phycoerythrin (for Bax detection) conjugates (Ylem). Images 
were acquired by means of Noran confocal microscope at 60X/1.4 
NA immersion oil lens. Three D stacks were acquired at resolution 
of 0.1 micron in X, Y> Z axis. 

Cell culture and protein extraction. Human colon carcinoma 
Caco-2 (HTB-37, ATCC) cells were grown in complete culture 
medium, according to condition suggested by ATCC. For IL-6 
treatment, 60,000 ceils/cm 2 were plated, in 6 multiwells. After over- 
night culture, medium was removed and human recombinant IL-6 
(Endogen) was added at a final concentration of 100 ng/ml for 4 and 
24 hours. Protein extraction was performed according to Dignam 
method, 33 modified as described by Pucci et al. 16 For treatment of 
cells with somatostatin (SST) the protocol described by Pucci et 
al. 16 was performed. Alternatively, cytoplasmic acid extracts were 
prepared according to the Upstate protocol for extraction of acety- 
lated proteins. The proteins were then precipitated for 1 h with 20% 
TCA on ice. The pellet obtained after 10 min of centrifugation at 
14,000 rpm was washed once with a solution of acetone containing 
0.1% HC1 and once with acetone. Untreated cells were used 
as control. Alternatively, after medium withdrawal, treated and 
untreated cells were processed for RNA extraction (see specific 
section below). 

Western blotting. Denatured cytoplasmic protein extracts (10 ^g) 
were loaded on a 10% SDS-PAGE. Proteins were transferred to a 
PVDF membrane (Hybond-P, Amersham Biosciences). Membranes 
were probed with the following primary antibodies: anti-Ku70 (A9) 
and anti-Ku86 (B-19) (Santa Cruz Biotechnology, Inc.,); anti acetyl- 
lysine (Upstate); anti phosphor-serine (Sigma Aldrich); anti-Bax 



(NeoMarker, clone 2D2); anti-Clusterin-a (H330, Santa Cruz 
Biotechnologies, Inc.,), and anti-(3-actin (Sigma-Aldrich, USA) anti- 
bodies. Anti-nCLU oligoclonal antibody, Nl-CLU, was obtained 
by the selection of very short antigenic epitopes specific for the 
unprocessed and nuclear CLU isoform. Short CLU-specific antigenic 
sequences having a length from 10 to 20 amino acids were synthe- 
sized on solid phase and selected for nCLU specificity and affinity 
(patent RM2004A000098). 

The optical densities were obtained by scanning densitometry, 
after normalization for the (S-actin gene product. 

Immunoprecipitation assay (IP). Immunoprecipitation assay (IP) 
was performed on cytoplasmic extracts from Caco-2 cells, treated, 
or not with IL-6 for 4 and 24 hours. 100 \xg of extracts were used 
for immunoprecipitation experiments. In brief, cytoplasmic extracts 
were pre-cleared incubating them with Protein G-Agarose (Santa 
Cruz Biotechnology 50% slurry) for 30 min at 4°C with agitation. 
The Agarose was removed, then 2 \xg of anti-Ku70 (A-9, Santa Cruz 
Biotechnology, Inc.,) or 4 fxg of anti-Bax (clone 2D2, Neomarker) 
or 2 p,g of anti-CIusterin-p (M-18, Santa Cruz Biotechnology, Inc.,) 
or 2 fxg of anti-nCLU (Nl-CLU) antibodies in 250 yd of reaction 
buffer (PBS + 0.05% NP-40) were added and incubated overnight 
at 4°C with rotation. IP negative control was performed without 
specific antibody. Each immunoprecipitate was electrophoresed on 
a 10% SDS-PAGE. Proteins were blotted onto PVDF membrane 
(Hybond-P, Amersham Biosciences), stained with Ponceau S-dye 
and then probed with the various antibodies reported in the Western 
Blot section. 

RNA extraction and RT-PCR. Total RNA was isolated from 
treated and. untreated cells using Tri Reagent (Ambion, Inc.,), 
according to the manufacturers instructions. RNA quantification was 
performed using spectrophotometry. Reverse transcription of total 
RNA (1 fxg for each cell line) was performed with Gene Amp RNA 
PGR Kit (Applied BioSystems) using Random Examers as primers 
to cDNA synthesis. To amplify the cDNA, the following primers 
(Invitrogen) were used: forward 5' GTG CAA TGA GAC CAT 
GAT GG 3*; reverse 5' CAG GTA GTG GTA GGT ATC CT 3' for 
ApoJ 34 and forward 5' AAG AAG GCC TTT GAG GA 3'; reverse 
5' GCT TCC TCA GCT GTG ACA GA 3' for Ku86 transcripts. 
Ku86 amplification was performed under the following conditions: 
30 cycles at 94°C 30 sec, 55°C 30 sec and 72°C 30 sec, obtaining an 
amplicon of 270 bp. (3 2 -microglobulin housekeeping gene was ampli- 
fied as control. Ethidium-bromide stained 2% agarose gel was run at 
100 V and picture of the gel was acquired by scanning system. 

Gene expression analysis by oligo gene microarray. Total RNA 
extracted as above described from 24 h IL6-treated and untreated 
cells was quantified by spectrophotometry and checked on agarose 
gel for quality. Samples were analyzed with Gene Array Express 
Human Cancer Pathway Finder Microarray, EHS033, by Superarray 
BioScience (now renamed SABioscience Corporation). Values were 
normalized according to the Interquartile Normalization. All the data 
sets are corrected using minimum value for background subtraction 
before being compared to each other. The ratio between mRNA 
levels in IL-6 treated samples and in untreated controls was calcu- 
lated and only the upregulation or downregulation by 1.5 fold or 
more in gene expression was considered significant. 

Statistical analysis. All values provided in the text and figures are 
means of three independent experiments ± standard deviations (SD). 
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One or two-tailed unpaired t-test was utilized to assess inter-group 
differences. Differences were considered statistically significant for 
p < 0.05. Statistical significance was calculated comparing staining 
intensity values between different groups: e.g., Ku86 staining values 
in normal mucosae (NM) versus adenocarcinomas (CRC) cases. 
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